The evolution of the medical field has created a medical school curriculum that is extremely saturated. This has led to a reduction of lecture time and clinical exposure in some topics, with ophthalmology and eye pathology being markedly affected. 1-3 Despite eye conditions being ubiquitous in primary care and other core specialties, fundamental ophthalmologic education in medical school has decreased dramatically in the last four decades. 2,4 Meanwhile, the number of medical schools requiring ophthalmology rotations continues to decline. 1,5 The reduction in ophthalmology education has also been linked to primary care physicians feeling that they were inadequately trained to perform essential eye examination skills. 6,7 Since our aging population will increase the prevalence of several eye diseases, it is imperative to educate future physicians about proper diagnosis, early management, and referral for conditions such as glaucoma, cataracts, macular degeneration, and Keywords ► ophthalmology ► undergraduate medical education ► curriculum development ► medical school curriculum
diabetic retinopathy. 7 To address the needs of our patients, it is important to maintain a sustainable curriculum that can efficiently educate future primary care providers to properly identify these disorders.
The lack of exposure to ophthalmology in medical school may limit the contemplation of ophthalmology as a career option. Different studies have shown that exposure to ophthalmology in the preclinical and clinical years not only enhances medical students' examination skills but also increases their interest to pursue a career in Ophthalmology. 2, 6, [8] [9] [10] Additionally, despite the limited ophthalmology exposure in the medical school curriculum, the San Francisco Match requires medical students to decide earlier if they want to pursue ophthalmology as a career. All these factors make the early exposure to the ophthalmology field a key milestone in the recruitment of future ophthalmologists, as well as in the training of future primary care providers as gatekeepers of health care.
Despite the advantages of early exposure, how to integrate ophthalmology into medical school curriculum has been a challenge. The use of conventional lectures, rotations, and small groups has shown limited success. 11 In fields like neurosurgery, the use of preclinical multimodal electives including small group discussions and clinical exposure, have proven to enhance students' interest acutely and over long-term as measured by a 6-year follow-up. 12, 13 The University of Colorado School of Medicine (CUSOM) offers voluntary courses to aid in career exploration, diversify interests, and supplement knowledge of required courses from the core curriculum. CUSOM offers around 50 different electives to 1st and 2nd year medical students. These courses are entirely voluntary and there is no specific minimum or maximum to the number of electives that students can take. However, due to their usefulness for career exploration a good rule of thumb for the number of electives to take is one to two elective courses each semester throughout the medical school curriculum. They comprise a broad range of topics including: medical Spanish, cancer biology, emergency medicine, culinary medicine, and art medicine.
Here, we present the evaluations and feedback of our optional multiformat elective course entitled: "Biology of the Eye." To bridge the gap between basic and clinical sciences, the curriculum of our elective consisted of a combination of three different teaching formats including (1) a hands-on dissection laboratory, (2) lectures followed by discussion, and (3) journal article review of key topics in ophthalmology with a basic scientist and clinician. The goals of this course were to increase exposure of medical students to ophthalmology compared with the traditional curriculum, to provide a safe platform for career discussions and mentorship, and to inspire a career path as a clinician scientist in the field of ophthalmology.
Methods

Class Formatting
In the fall semesters of 2016 and 2017, an integrative ophthalmology elective course was offered by clinical and basic science faculty of the Department of Ophthalmology at the University of Colorado. The 6-week elective was offered to 1st and 2nd year medical students, mirroring the courses during preclinical years. The elective consisted in a total of 10 sessions including three different lecture formats; (1) anatomy and hands-on eye dissection, (2) lectures, and (3) journal article discussions. A course syllabus with details including sessionspecific learning objectives is shown in ►Table 1. The class started with a 2-hour wet laboratory anatomy class session. Lecture classes consisted of six 60-minute sessions. The lecture Immunology and the visual system
To identify the role of the immune system in ocular homeostasis and stress states. 2. To become familiar with inflammatory processes in the eye.
topics covered lens, cornea, retina, glaucoma, and immunology of the visual system. These topics were chosen to cover common ocular diseases that faculty deemed as important.
In addition, the topics included in the course were corroborated by recommendations of the Association of University Professors of Ophthalmology. Throughout the course, emphasis was placed on in-class participation. The journal discussion sessions consisted of three 80-minute discussion classes, where students evaluated and dissected one to two primary literature articles mirroring the material learned from the corresponding lecture. An example of the journal articles used can be illustrated by the article written by Lin et al, titled "Lens Regeneration Using Endogenous Stem Cells with Gain of Visual Function." 14 The use of journal articles was aimed to incorporate both basic and clinical sciences content into practice by guiding students through the process of critical evaluation of current research. Additionally, the journal discussion sessions were meant to provide a platform for students to build mentorship relationships with clinician-scientists in the field.
Recruitment
This course was listed in the course catalog provided to all medical students. Additional recruitment of students was performed in the electives fair and by sending reminder emails to students that demonstrated interest through the ophthalmology interest group. Individual student communication with ophthalmology faculty was also used to provide course information to interested students.
Attendance
Attendance was mandatory and in case of absence, a 1-to 3page review summarizing missed topic/discussion papers was required. After -hour-scheduling of the elective course was done to allow students to attend sessions on top of their required medical school curriculum.
Evaluation
After conclusion of the elective, the students were invited to complete an anonymous evaluation form via Web site (►Table 2). The Office of Evaluation of the School of Medicine was in charge of creating and distributing student assessment and course evaluation forms for all courses in the University of Colorado School of Medicine. The survey consisted on a five-point Likert's scale used for each of the four quantitative questions evaluating the program on course quality, learning objectives, course management, and overall rating, with "5" representing the most positive choice. Each question was allotted with a free-response comment section. Additional free-comment questions without five-point Likert's scale included: areas where the course could be improved, whether students would recommend the course to peers interested in ophthalmology, effectiveness of wet laboratory and discussion sessions, and whether the course increased the student's own knowledge and excitement about ophthalmology research and clinical practices. To better interpret our subjective data, we further identified five categories based on common themes found on the students' responses to the free-comment questions from Table 2 Biology of the eye-survey given to students at the end of the elective course
Please circle one answer.
Course Management 1. On a scale of 1 to 5, both fall 2016 and 2017. These included, general recommendations for the course, comments on the curriculum content, wet laboratory session comment, journal discussion sessions comments, and comments on the combination of basic and clinical science of our course.
Results
Six 2nd year medical students enrolled in the fall of 2016. In the fall of 2017, a total of 11 students were enrolled to the course (three 1st year and eight 2nd year medical students). A total of 100% students completed the course requirements.
Likert Survey Questions
The survey response rate in the fall of 2016 was 83.33% (fivesixth) and 100% (11/11) 
Qualitative Survey Questions
In 2016 and 2017, 100% of responding students indicated that the course increased their knowledge and excitement about ophthalmology research and clinical practice (question response rate: 100% in 2016 and 73% in 2017). When asked if students would recommend this course, 5/5 and 9/9 students who answered the question said "yes" in 2016 and 2017, respectively, (question response rate: 100% in 2016 and 82% in 2017). Finally, 5/5 and 8/8 believed that the laboratory and discussion sessions where effective (question response rate: 100% and 73% in 2016 and 2017, respectively; ►Table 3). After analyzing the free-comment questions, 12 students had comments related to general recommendations for the course. Five of those students suggested to work on time management, as some lectures went above the limited time. Three of the students suggested the addition of formal shadowing and research opportunities in our course. One student suggested the elimination of mandatory attendance, while another student recommended the addition of the course to the regular medical school curriculum. Another identified category based on the students' remarks was comments about the wet laboratory session. A total of 12 students had comments related to this session. In this category, three students suggested more wet laboratory experiences. Other students mentioned that the session was an effective use of time. A couple of students indicated that this session increased their knowledge about the anatomy of the eye. Four of the students characterized the wet laboratory session as fun and described the session as their favorite part of the course. To improve the wet laboratory experience, one student suggested to include a session on how to do microsutures. Furthermore, a total of nine students had comments about the journal discussion sessions. Among those, four students mentioned that the journal articles were challenging or went beyond their current ophthalmology knowledge. Five students, including three of the students above, mentioned that the facilitators did a good job in guiding and discussing the articles in detail. A couple of those students recommended more guidance when discussing the papers, including a template or power points to guide discussions. In this section, one student also commented on the benefit of learning about "cutting-edge technologies in the field" during these sessions. One student suggested limiting the sessions to one or two strong papers. Ten other students had comments associated to the overall curriculum content. Eight of those students mentioned that the course increased their knowledge and/or interest in ophthalmology and eye pathology. In addition, four of those students mentioned that the course was an excellent supplement to the material covered on the regular medical school curriculum. One of the students mentioned that some of the basic science lectures went into too much detail. Finally, a total of eight students had comments related to the combination of basic and clinical science of our course. Five of those students indicated that the course increased their knowledge about the research being conducted in the field of ophthalmology. The students also commented on enjoying the interplay between basic and clinical science. In this category, one of the students also recommended to focus more on the clinical science aspect. Some examples of the specific comments included: "I learned a lot about the eye I would not have known if I had not taken the course," "I enjoyed the interplay between the clinical and basic science experts," and "I liked the model of learning about a subject then looking at the research [sic]."
Constructive Feedback
The students pointed out the use of more interactive sessions, such as more wet laboratory sessions and clinical Table 3 Responses to qualitative survey portion of survey
Would you recommend this course? Yes (5/5) Yes (9/9) experiences to get familiar with ophthalmology instruments. Additionally, the level of knowledge needed for the journal discussion sessions was thought to be too advanced. Some students believed that the elimination of mandatory attendance would allow them to focus on the required curriculum when needed, especially during examinations. Careful timing of lectures to prevent them from exceeding the allotted time was a common concern.
Discussion Our ophthalmology elective was successful at giving more exposure to the field to 1st and 2nd year medical students.
The students also perceived that the elective course increased their ophthalmology knowledge and enhanced their interest in pursuing a career in the field. Among the lecture formats offered by the ophthalmology elective course, the interactive dissection portion was particularly well received among students. This is consistent with interventions at other programs that show that multiformat and interactive lectures enhance learning outcomes and student satisfaction. For example, a multimedia interactive module offered at Queen's University School of Medicine in Ontario that reported higher composite scores on multiplechoice ophthalmology questionnaires. 15 On the other hand, an elective offered at Duke University that reported high levels of satisfaction after developing an interactive method for teaching eye and orbit anatomy during one of their ophthalmology rotation. 16 Additional interventions at other programs, such as St. Matthew's University, Vanderbilt University, and other programs in the United Kingdom, have shown similar results in their respective fields. 12, 17, 18 Interestingly, a study showed that even one ophthalmology day is able to improve ophthalmic knowledge and eye examination skills in medical students. 9 Thus, we believe that in the future, our elective will have similar impact in students in terms of increased ophthalmology knowledge as well as interest in the field. We expect to see these results through longitudinal follow-up of our students.
On the other hand, the students' constructive feedback allowed us to see that timing and length of the elective's sessions are key factors for student satisfaction. The students also believed that some of the journal articles presented were difficult to understand. To address the students' concerns, and for future classes, modifications to the course included limiting presentation time, simplifying presentation topics based on recommendations from the Association of University Professors of Ophthalmology, and by providing a worksheet to guide article review. In addition, based on the students' feedback, the course directors decided to expand the course to 1st year medical students in addition to 2nd year medical students. We believe that these changes will improve our elective's outcomes.
It is well established that basic science research in ophthalmology has led to significant advances in the understanding and treatment of ocular diseases. 19 Examples of these include Anti-vascular endothelial growth factor (VEGF) therapy of agerelated macular degeneration, RPE65 gene therapy for Leber's congenital amaurosis and other therapies to treat autoimmune and neurodevelopment conditions. 20-23 Therefore, the importance of collaboration between basic scientists and clinicians has become key for the advancement of ophthalmology. It is important to note that the collaboration between practicing physicians and researchers in the field played a fundamental role in the development and implementation of our elective course. As a result, our course allowed students to bridge the gap between these two ophthalmology disciplines. Moreover, the students believed that the early interaction with ophthalmology faculty was beneficial and allowed for more mentorship and research opportunities. These two components have been shown to play a fundamental role in ophthalmology residency matching. 24 While the goal of our study was to present the students' evaluation of our elective course, it is important to note that the success of the course was solely measured based on the participants. As such, our study can be subject to survey bias. To address this, a pre-and postcourse knowledge-based assessment could be implemented for further cohorts. The possible inherent interest in ophthalmology of our students, as well as our small sample size, may present other potential limitations for our analysis.
Conclusion
In conclusion, our ophthalmology elective was successful at enhancing exposure to ophthalmology in the preclinical years of the medical school curriculum, while also allowing students to learn about careers as clinician-scientist. Therefore, we believe that programs, such as this one, have the potential to enhance the interest of valuable students in our field, as well as to increase ophthalmic knowledge and competency, regardless of the student's field of choice. Further studies would be needed to specifically address the direct impact of ophthalmology electives in ophthalmic knowledge retention and recruitment to our field.
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